Introduction
Rainfall is the main cause of flash floods and landslides in many parts of the world. Most of these hazards are caused by extreme rainfall conditions during short periods of time (Modricka and Georgakakos, 2015; Staley et al., 2015; Reichenbach et al., 1998) . Changes in hydrological conditions such as soil moisture and the variation in fluvial discharge depend on rainfall (Sharma and Nakagawa, 2005) . The South West winds (monsoon winds) which blows across Bamenda mountain between March and October accompanied by heavy rainfall (about 2500mm per year) is seen as the main cause of landslides and floods in the area. About 82% of the rain is received within four months (June -September) causing extreme wet conditions that results on floods in the river valleys and lowlands and landslides along steep slopes. There are about 189 rainfall-induced landslides within the last ten years (Afungang, 2015) that is believed to have caused 12 deaths and lots of material damage. Similarly, annual occurrences of floods in Bamenda town are on the rise (Nyambod, (CRTV News bulletin, 05/08/2015) . These examples are just a few reminders of the effects of extreme rainfall in the area. The population boom in the area (Bamenda city) especially around the city centre has only made the job of the civil protection department more challenging and complicated. The city is fast grow with an estimated population of 58.400 in 1980 (Shende and Ndi, 2012) to about 269.530 today with a growing rate of 4.67 (MINDHU, 2005) . The susceptibility of the area to landslides is largely due to the natural terrain characterised by steep slopes, abundant weathered material, high stream density and pore water pressure, although some landslide events have been attributed to anthropogenic activities. Human activities such as unplanned housing, poor infrastructure, construction on marshy land and the encroachment of the urban poor into marshy lands have increased the exposure of area to flood hazard. From this background, we considered that the prediction of extreme rainfall episodes can constitute part of the solution to this problem. The intermediate highlands are prone to landslides (translational and rotational landslides), while the volcanic mountains are affected by rock fall. The lowlands and parts of the eastern valleys are prone to floods (Fig. 1 ).
Most often, the modelling of extreme random variables (e.g., Rainfall, wind speed) have been done using sophisticated distribution modelling methods such as Generalized Pareto Distribution (LI et al., 2005; Davison and Smith 1990; Joe 1987) , Generalized Extreme Value distribution also known as extreme Frechet or value type II (Lan-Fen et al., 2012; Coles et al., 2003; Nguyen et al., 2002 ), Weibull distribution (Weilbull, 1951 , or a combination of the above (Coles et al., 2003) . The application of different formulas to evaluate a single situation rather gives very different and contradictory results making the situation more confused.
Although the Generalized Pareto distribution and the Generalized extreme value distribution had proven useful in modelling the occurrence of extreme daily precipitation and their return period (Elian et al., 2015) , the practical and theoretical explanations are somehow difficult to master. The objective of this paper is to use a simple Excel worksheet to statistically model extreme rainfall using a Type I Gumbel distribution (Gumbel, 1958) to estimate the maximum amount of rainfall to be received at different periods in the Bamenda mountain region. It is also to examine some extreme rainfall episodes that triggered both landslides and floods and estimate their probable reoccurrence time. The use of Excel is to demonstrate how extreme values modelling usually done through sophisticated statistical software can be carried out in a simpler manner.
Data description
Daily rainfalls from the Bamenda weather station (Fig. 1 ) from 1970 to 2013 were used in the study. Annual maximum of daily rainfall also defined as bloc-maxima (Lan-Fen et al., 9 2012; Gumbel, 1958) is calculated from the rainfall time series dataset with the assumption that these represent extreme episodes which are most likely to cause floods and landslide hazards. The annual rainfall and annual maximum daily rainfall for the hydrological year 1970 -71 to 2012 are presented in a bi-logarithm graph ( fig. 2) . The annual maximum rainfall ranged from 129.3mm (1998-99) to 60.3mm (2005-06) hydrological year. Natural hazards caused by extreme rainfall are mostly related with the daily extremes while monthly extremes reflect most favourable periods for the event. 
Modelling extreme rainfall amount
The role of rainfall as one of the main triggers of landslides has been widely demonstrated (e.g., Bai et al., 2014; Giannecchini et al., 2012; Dahal and Hasegawa, 2008) . Rainfall is also known to be the most common cause of flash floods (Modricka and Georgakakos, 2015; Archer and Fowler, 2015) . Many authors have worked to establish thresholds for landslide initiation (e.g., Tiranti and Rabuffetti, 2010; Guzzetti et al., 2008; Chleborad et al., 2006; Wilson and Wieczorek, 1995) and the threshold for floods (Modricka and Georgakakos, 2015; Robert et al., 1999) or both of them (e.g., Staley et al. 2015; Reichenbach et al., 1998) .
The peak period of landslide triggering during a storm has also been predicted (e.g., ChiWen et al., 2015; Glade et al., 2000) . But very few authors have focused to know the maximum rainfall that can be received at a given time which is important to determine the probabilities of occurrence of these events. The occurrence of a landslide event depends on the amount of rainfall received, the intensity and duration of the episode and the soil humidity. Based on the amount of rainfall that initiated past landslides and floods, the Type I (Gumble) distribution usually used in estimating extreme values of random variables was used to model the maximum amount of rainfall (X) considering the annual maxima (AMR) in the study area. Rainfall was assumed to have a Gumble distribution ( , ). Thus estimating the values in this distribution involved calculating the scale parameter ( ) and the location parameter ( ) of the distribution. To do this, the annual maximum rainfall denoted by V was sorted from the lowest to the highest. The probability of maximum rainfall (Pv) in the study area was calculate using the Gringorten probability function which is stated as; = ( − 0.44)/( + 0.12) (Gringorten, 1963) 
Thus, Pv was estimated as (fx) = (m-0.44)/(n+0.12). Table 1 -Excel worksheet computation of annual extreme rainfall for Bamenda mountain region, for the years 1970-2013 using Gumbel distribution Where: Pv = Probability of maximum annual rainfall in mm/day, -ln(Pv) = negative of the natural logarithm of Pv (Gringorten Estimation), -ln(-ln(Pv)) = negative of the natural logarithm of Pv, taken twice.
The maximum annual rainfall (V) used to calculating the probabilities was obtained from daily rainfall records from the Bamenda Up station weather station. From table 1, the scale and location parameters were estimated by plotting -ln(-ln(Pv)) against Pv on a bi-logarithm scale ( fig. 4) . The different quantiles were obtained from computing Pv using the Per cent point distribution function. It can be seen that the annual maximum rainfall (points on the graph) form an approximately straight line depicting a good distribution to the model used (Chambers et al. 1983 ). The scale parameter is depicted by the slope of the linear curve ( =11.914) and the location parameter by the intercept (μ = 74.86). The fitted function R 2 = 0.9795 shows a very good adjustment of the distributed points.
After determining the location and scale parameters of the Gumble distribution, it was now possible to estimate the extreme rainfall that the Bamenda mountain region can possibly receive over time. The inverse of the cumulative function also known as Percent Point Distribution (PPD) was used and denoted as (G);
The percent point is a probability that x is less than or equal to a given value. It was then expressed as;
P is the probability of the desired quantile and from R above. The probability of each quantile was computed as;
Where: Rp is the return period for the desired period.
The extreme rainfall expected at any period in future was calculated using the Gumbel Percent Point. Different return periods ranging from 3, 5, 10, 15, 25, 50 and 100 years was computed by applying the percent point function (PPF) to the quantiles above. The probabilities of extreme rainfall estimated by the PPF were defined as; From table 2, the probability of an extreme rainfall episode is 0.67 in three years, 0.9 in 10 years, and only increases to 0.98 in 50 years. By this we found out that the probability of having a particular amount of rainfall over a given region increases sharply to a certain point and then continuous rising at a lower rhythm. In a period of 25 years, the Bamenda mountain region is expected to receive an extreme rainfall episode of approximately 117mm in 1 day and in the next 100 years this can rise up to 135.23mm in 1 day. fig. 3) . Historical hazard data from reviews (Afungang, 2015) and field work carried out in 2009, 2010, 2013 and 2014 show many incidents where heavy rainfalls initiated landslides along the Bamenda and Sabga escarpments and floods in Bamenda town (lowlands) on the same day. Among these events, seven were quite extensive in terms of material damage and human casualties. Determining the return period of rainfall episodes that initiated past landslides is important in the prediction of future hazards (Bhandari et al., 1991) . The return period is a statistical function which determines how many trials on an average must be made, before an event of a greater probability can occur (Gumbel, 1941) .
Hazard-link rainfall episodes and reoccurrence time
These trials (events) were computed using the Gumbel law that was defined as; Ep = Extreme probability
The return periods calculated in years were expressed as;
Thus C( for each day over the 43 year period calculated for days with landslides was expressed as; C( ….? D8 :…..< (6.10)
The return period (Rp) for each landslide was the maximum value obtained by dividing one over the extreme probability and was expressed as; Table 3 -Extreme probability and return periods for major hazard events The selected cases above (table 3) are those extreme rainfall episodes that initiated both landslides and floods events in the study area. It can be seen that very high rainfall episodes (e.g., 129.3 mm in 1 day) caused floods and landslides with long return periods (68.9 years) and vice versa. From the table, it could be seen that rainfall on the day of the events was significantly higher than the average for those months and years. Though in principal these two landslides and floods respond differently to rainfall conditions (e.g., rainfall intensity, duration and amount), their occurrence can be triggered by extreme rainfall in one day.
However, rainfall threshold for landslide events in the area have been established by Afungang and Bateira (In press) using the landslide inventory and corresponding rainfall on the day of the events.
Conclusion
Following our first objective, we have demonstrated that extreme rainfall conditions can be computed using simple procedures (Excel worksheet) enabling everyone to arrive at a given result. The amount of extreme rainfall increases continuously with time while the probability of having extreme rainfall increases at a decreasing rate after a period of 10 years. The model predicted 126.13mm in 1 day in 50 years which was almost the same rainfall amount (129.3mm in 1 day) received on June 30 th 1998. Secondly, rainfall episodes from 90mm in 1 day are capable of triggering multiply hazards irrespective of the environmental fix factors that influence landslides and floods. The threshold value for landslides is in the area is estimated at C FG 94.063 K ,L.M N (Afungang and Bateira, in press ) which is somewhat below the minimum extreme value identified in this text. The Extreme rainfall shows only rainfall episodes where landslides and floods were initiated. Knowledge of expected rainfall in 100 years can be used by land use managers to improve on the management of existing Dams and the construction of new ones thereby turning the hazard situation into a resource. Construction plans for critical infrastructural such as bridges and houses especially on marshy lands can be improved upon.
